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(57) Abstmi 

A jwopammbMe 
kiib^nijfacc Bg^^3^8 
iiicti^t2at{cso srtictoife 
CI^AM") {ntfodea Hd 
ioo condtticUjr such as a 
dSsfcogmUIb^glass tybich 
uQichides xxkxA Mte and at 
kist lwt> electrodes di^xttcd 
al -'c))|>osiag swfaces 6f the 
■ conoucior* nensany, 
Alfc. iOB. coUdoctor radodcs 
a cfcalcc^lenide liatcnal wift 
Oiix4> IB tr Onwp IlB 
nidats. One cf 
ikctifbdfcs b pcefoaMy 
dWifiguicd Bs a cathoide and; 
the otiier as an anodiL y^/Yxm 
a vc^ta^ is api^led bctwecQ 
die anode and cattibdc, a 
mclal dendrite srows ftoin 
the cathode thn»gh die 
iofei coodoctoi towards the 
anode. The ^cnvth rate of 
the dendrite may be stopped 
by removing die volta^ cm 

the dendrite may be lelkactcd back towards the cathode by reversing die voltage pohrity at die anode and cathode. When a voltage is 
applied lor a s«ifficlent Icngd^ of lime, a contimwus metal dendrite gmws through die ion conductor and connects Che electrodes, dieseby 
sbditing the. device. Ihe conliniious incia} dendrite dien can be broken by applying anodicr voltage. Hie tateak in die metal dendrite can 
be reclosed by qiplying yet another vohage^ Changes bi the kr^di of die dendrite or die presence of a bieak in die dendrite affecl die 
resistance, capacitance, and impedance of die PSAM. 
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; PRDGfiAMMABLE SUB-SUFIFACE AGGREGATING MtTALUZAtlON 
STRUCTURE AND METHOD OF MAKING SAME 



BACKGROUND OP THE INVENTION. 

5 Technical Field 

the present invention generally relatesr to programmable metalBzation 
strufctUi^es, and mord particularly, to a programmable sub-surface aggregating 
metalfeatidh I'pjSAM'') structure including Sn rori conductor, a plurality of electrodes 
^ a vottage-cbhtrblled rnetal structure or dendrite formed through the ion conductor 
ID between the electrodes. 

2. Description of the Related Art 

The present invention claims the bi^nefK of U.S. Provision^ AppKcation No. 
60/067509, filed D^cemb^r 4, 1997. 

MEMORY DEVICES 

15 Meimory devices are usfed In electronic systems and computers to store 

informa^on in the forrn of binary data* These mneiripry devices may be characterized 
into various types, each type having associated witft it various advantages and 
disadvantages. 

For exaniple^ random at:cess memory (''RAMf ) Which may be found in personal 
20 compUlers is Volatile semiconductor memory; in other Words, the stored data is lost 
; if th6 pbwer source is disdonheeted or removecl. Dynarnid F(AM rORAM''} is 
patticblarty volata© in that it must be 'refreshed* (iM,, r^ch&rged) every few 
microseconds iri order to mdrntain the stored daita. Statib RAM {"SRAM") wlB hold 
the data after one writing so long as the power sourde is maintained; once the pow^ 
2B source is disconnected, however, the data is lost. Thus, in these volatile memory 
configurations, information is only retained so lohg as the power to the system is not 
turned off. 



CD-ROM Is ah e5(8mj>le of ik)h-v^^^^ 
contain lengthy audio arid video segments; however, ^formation can only be read 
ifrbtn and hdt writteh to this membry. Thus, Ohce a CD-ROM is prograihmed durihg 
manufacture/ h cannot be reprogrammed with new information. 
. 5 Other storage devices such as magnetic storage devices {i,e., floppy disks, hard 

disks arid magnetic tape) as well as other systems, such as optical disks, are non- 
volatile, have exuemfely high capacity, and can be rewritten many times. 
Unfortunately; these memory d^ces me physically large, are shock/vibration- 
sensitive, reiitiire e5ci>6nsiv* mechanical drwes, and may consume relatively large 
TO amounts of p&Wet. These negative aspedts make these mernory devices non-ideal 
for low power portable applicatiorjs such as lap-tbp and pairfvtdp computers and 
personal digital assistants ("PDAs"). 

Due to the rapidly growing numbers of compact, tow-power portable computer 
Systems In Which stored Information changes regularly, read/write semiconductor 
rS nrt^mbries have become widespread. Furthennore, because these portable systems 
require data storage when the power is turned off, a nOn-volatHe storage devibe is 
rfequlred. The simplest programmable semlcondutrtor non-volaUle memory devices in 
these computers are programmable read-only memory ("PROM'). The most basic 
f^ROM uses an array of fusible links; once programmed, a PROM cannot be 
20 reprogrammed. This is an example of a write-once read-many ("WORM'') memory. 
The erasable PROM CEPROM*) is alterable, but each rewrite must be preceded by an 
erase step invbh^ing exposure to ultra violet light. The electrically, erasable PROM 
C'EEPROM- or -^E'PROM") is perhaps the most ideal of eohVfentidhal ^n-volatile 
^emicdhducior memo^, dfe it can Be Written to maihy xkh^/ Rash m'i$^^, another 
2S type of EEPROM, have higher capacity than the low derVslty; traditional ^EPROMs but 
lack their endurance. One major problem with EEPROMs is that they are inherently 
complex. The floating gate storage elements that are used in these memory devices 
are difficult to manufacture and consume a relatively large amount of semiconductor 
real estate. Furthermore, the circuit design must withstand the high voltages 
30 necessary to program the device. Consequently, an EEPROM's cost per bit of 
memory capacity is extremely high compared wKh other medns of data storage. 
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Another dfeatK^antage of EEprtdMs i$ that afthoOgh they t&h retain data without 
having the power source cohriected, they require relatively large arriounts of power 
to program. This povi^er drain can be considerable in a compact portable system 
powered by a battery. 
6 Accordingly/ in view of the various problems associated with conv^tional dat^ 

storage devices described above, it is highly desirable to have a read/write memory 
. technology and device which is inherently simple and in^perisive to produce. 
Furthermore, this memoty technology should meet the requirements of the new 
generation of pdrtable computer devices by operating frcSni a low voHage while 
10 providing high storage density, nbn-volatility, and a low manufacturing cost. 

I^ROGRAMMABLE PASSIVE AND ACTIVE COMPONENTS 

Electronic circuits may include fiferally millions of component parts. These 
bompolieht parts generally fall ihto twb distinct categories, namely, passive 
C&mponehts artd Active Cofnpdhents. Passh^e Compbhents, such as resistors and 
1 5 capacitors, have electrical values associated with thtem which are relatively constant. 
On the other band, some electrical characteristics of active components, such as 
transistors, are designed to change in response to an applied voltage or current. 

Because of ihe extensive use of these two types of components, it is highly 
desirable to hav& a low-cosit device Which nmy perform both the functions of a 
20 passhfe cbmporterit arHl ah active component. For example, it would be highly 
desirable to have a device that acts as an acthfe componeht vyhich responds to an 
applied signal by ahering its riBsistance and capacitartce and yet, in an aherhate 
^rhbodihrrerit, acts a passive cornponeht which can be pre programmed ilei; the 
change is ''remembeTed" by the device after programming is complete). Such a 
25 device would be used in many dh^erse applications from tuned circuits in 
communications equipment to volume controls in audio systems. 

Because of the widespread use of devicies such as merhory devices, and 
programmable resistor and capacitor device^, it is very desirable to h^ve a low cost, 
easy to manufacture device that nriay be implemented in all of these various 
30 applicatioris, among others. 
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SUMMARY OF THE INVENTION 

Iri afccordarice with an exemplary embodiment of the present tnvehtion, a 
programmable sub^^urf ace aggregating metaJtizatlon ("I'SAMT structure includes an 
ion conductor such as a chalcbgeriide-gla&s which includes metal ions and at least 
5 two electrodes (e.g., an anode and cathode) each having an electrically conducting 
material and disposed ^t opposing surfaces of the ion cbhductor. CHalcogemde 
materials as referred to herein include any compound including sulfur, selenium and/or 
iellurium. In an exempldry embodirhent, the ion conductor is a composition formed 
frorh a chalcogenide artd at least one Group 1 or Group II metal (most pref erably« 

10 arsenic trisdphide-sih^er). The dnode and cathode are each formed from any suitable 
conducting rhateridi, and th6 anode preferably contains sorY>e slh^er. 

When a vohage is applied between the anode and cathode, a metal dendrite 
^ws from the cathode' throu^ the ion cortductor towards the drK>de. The growth 
rate ot the deridrtte miay be stopped by removing th& voltage or the dendrite may be 

15 ristract^ back towards the cathode by reversing the' voltage pblarity at the anode and 
c^hode. WHeh a vohdge is applied for a sufficient length of time, a ccmtiniious metal 
dendrite grows througih the ion conductor and connects the electrodes, thereby 
shbrtir>g the device. The continuous metal dendrite then can be broken by applying 
dhbther voltage. The break in the metal dendrite can be reclosed by applying yet 

20 Sfiiother vohage^ Changes in the length of the dendrite or the presence of a bfeak in 
the dendrite affect the resistdnce, capacitance, and impedance of the PSAM. 

, bhlEF DESCRIPTION OF THE DRAWING FIGURES 
The i^Ubj^bt lih&tieir Of the IhV^ihjtion is particularly pointed out ^d distinctly 
clairned iri the concluding portion of the sp^ificatioh. The ihvehtlon, however, may 
25 best be urKlersfood by referehce to the following description t^ken in cohjunctioh 
with the claFms and the adcdmipanying drawing, in which like parts may be reterred 
to by like nunteral^: 

FIG. 1A is d perspecth/e view of an exemplary programmable sub-surface 
aggregating metallization structure configured Hteccordahce with various aspects of 
30 the present invention; 



FIG. 1 B Is a cross-sectlonaf view of FIG. 1 A raken frorti line 1-1 ; 
FIG. 2A - 2b are cross sectional views of another exemplary progr&mrnaWe 
sub^surface aggregating metallization structure configured in accordance with Various 
dspe^ts of the present irivention; 
5 FIG. 3A - 3F are cToss^sectional views of various alternative configurations of 

programmable sub-surface aggregatind metam2atior» structures configured In 
accordance with various aspects of the present invention; 

FIG. 4A is a graphic repres^ation Showing the relatiorlship b^tweeh current 
and time in an exemplary embodiment of the present invention; 
10 FIG. 4B is a graphic representation showing the relationship between applied 

voltage and time to Short in an exemplary embodiment of the present invention; 

FIG. 4C is a graphic representation showing the relationship between current 
and voltage in an ^emplary embodirneift 6f the present invention; 

FIG. 5A is a cross^sectionBl view of an exemplary memory device in accordance 
1 5 With various aispects of the preserUt invemibn; 

FIG. 5B is a cross sectional view of a portion an afternativ^e configuration of the 
exemplary memor/ device illustrated in FIG. 5A; 

FIG. 5C is a schematic of a network of mfemory devices in accordance with 
various aspects of the present invention; 
20 FiG. 6 is a cross^section&l viiw of another exefnplery memory device in 

acc6rdaT)ce with various aspects of the present invention; 

FIG. 7 is a cross-sectional view of an exemplary programmable 
rfesistance/cdpacitartce device in accordance with various aspects of the present 
"invention; 

• ' * . • ■ . -" 

25 .. FIG. B is a feirbss-sectibnal view of yet another exemplary programmable 

resistance/cap^citarice device in accordancef wKh various aspects of the present 
irfventipn; and 

FIG. 9 is d cross-sectional view of another exemplary programmable resistance/ 
capacitance device in accordance with various aspects of the present invention. 
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DETAILED DESCRIPTION OF EXEMPLARY EMBO&IMENTS 
The ensuinig descriptions are exemplary embodim&iiits only, arid are not 
mtended to limit the scope, appHcability, or configuration of the invention in any way. 
Rather, the ehsuir)g description provides a convenient illustrdtion for implementing 
5 exemplary isltibbdirfiehts of the invemidn. In this regard, various changes may be 
made in the function and arrangement of elements d&scribed in .the exerT)pldry 
efnbodimehts without departlrig from the spirit arKi scope of the invention as set forth 
in the apperKled cisiims. 

With reference to FIGS. 1 A and IB, a programmable sub^surface aggregatirtg 
16 rnetaliization ('PSAM*) structure 100 in accordai)ce with various aspects of the 
. pre^sent invention is illustrated. In &n exemplary embodimeiit of the present invention, 
the PSAM structure 100 preferably includes ah ion conductor 1 10 arid a. plurafrty of 
eifettrodes 120 and 130 disposed on the surfaces of Ion conductor 110. 

The i6A conductor 110 of the PSAM structure l5D tn&y. include a soiki 
15 elG^trblyie, a meltal ion-contdinlng gidss, a m«al ioivcontaihing amorphous 
semiconductor, a ichalcogehide-glass which includes metal ibris, or the like. In the 
broadest sense, in. accordance with various aspects of the present Invention, a 
chalcogenide material irYcludes any compound containing sulfur, selenium and/or 
tellurium, whether ternary, quaternary or higher compounds. In an exemplary 
20 ertibodimerit, the ion conductor 1 1 0 is formed from a ch^cogenide-glass which 
includes a metal ion compbsttion, while the metal may be selected from various Group 
.1 or Group II metals (prisferably, silver, copper, anc or a cornbindtion thereof). 

The ion conductor 110 which ir>cludes a metal ion composition may be 
obtained using ariy cohvefnient metbbd. For exarnple, in an Exemplary erhbpdirrient 
2S of the present inventidn, ion conductor 110 is preferably formed from arsenic 
tnsulphlde^SiWer rAs^S^-Ag") using photpdissolutlon. The silver is suitably 
introduced into thb AsjS, by illuminating a thin silver film and the As^S, layer vkfith 
light of dpprbpridte wdvelength, such ds wlaVelehgth less thdn about 500 nark>m6ters 
(nm). The silver and AS2S3 bilayer are exposed under the light until an appropriate 
3b saturation level is reached, approximately 45 atomic percent of silver to As^Sa. The 



pct/uS9aa5S36 



thickhei^ of the ion conductor 1 1 0 may vary from a few n^ometfers to few hundreds 

of nanometers. 

The electrodes 1 20 and 1 3D are suitaWy arranged a|>art from each other at the 
surfaces of Ion conductor 110. The electrodes 120 and 130 may be formed from 
S any ele^tncally conducting material that will produce an electric field for the transport 
of irtetal ions in the ion conductor 110. In art exemplary embodiment, the electrodes 
120 and 130 are formed from mat^ial containing sihfer. 

When an appropriate voltdge Is applied b&tW6en the electrodes 120 and 130, 
a metal dendrite 140 gr6ws from the electrddft 120 |Le. the cathode, the electrode 

10 coiinected io the negative pole of the power supply) through the Ion conductor 1 10 
toward the electrbde 1 30 (i.e., the anode). It should be appreciated that the polarity 
of electrodes 120 and 130 may be reversed prior to the growth of the metal dendrite 
140, in which ca&e the metal dendrite 140 wiM grow from the electrode 1 30 (noW the 
cdthode) toward the electrode 120 (now the anode). As will be discussed in greater 

1 5 detail below, if the polarity 6f electrddes 1 20 and 1 30 am reversed when the rhetal 
dendrite 140 has ^Ir&ady started to gr6w from the electrode 120 (the cathode) to 
electrode 130 Ithe anode), then metal dendrite 140 will retract back toward electrode 
120. 

The metal dendrite 140 may be allowed to grow entirely through the ion 
20 coriductor 110 until it meets the electrode 130, thereby completing the electrical 
circuit- Alternatively, the metal dendrite 140 may be haltfed before it reaches the 
electrbde 130 by stopping the appli^ voltage. As long as the metal dendrite. 140 
does not touch thi electrode 1 30, its growth can be easily stopped and retracted by 
ifeversii^g the applied voltage at electrodes l20 and 13l6. 
25 Additionally, the growth rate of the metal d^ridnt^ 140 is a function of the 

apf>lied voltage, device geometry, and time; thus, low voltages result in relatively 
slow growth wheri^as higher voltages result in relatively rapid growth. The growth 
and changes in the lehsgth of thfe metal deridrite 140 described above affect the 
electrical characteristic (e.g., the resistancti, the capacitance, and the like) of the 
30 PSAM structure 100, which may then be suitably detected using any coiivenient 
detection circuitry. Once the metal dendrite 140 has grown to a particular length, the 



lif&tBlddndnie 140 remains intdct when the voltage removed ifrbm electrodeis 1 20 
- and 136. Therefore, the changes In the electrical characteristic of the PSAM 
- - stif Oct lire TOO which resuhs^froni the changes in the length of the metal dendrite 140 
is also non-volatile. 

S HiBving thus described the basic structure of one ^ssible exemplary 

embodiment, the followuig descriptior^ and related figures more particularly describe 
and depict the operation of another possible exefmplary embodiment of the present 
invehtion. With referenee to Irl6s. 2A through 2D, a programmable sub-surface 
' ag^rVgating metalllz&tion (*PSAM*> structure 200 is illustrdt&d in accordance with 
10 v^rbus aspects of the present invention. Ih ah exemplary erhbodiment, the PSAM 
stnjcture 200 preferably includes an ion corxiuctor 210 dispoiied between electrodes 
2^0 and 230. 

Referring now to FIG* 2A, in accordance with one aspect of the present 
invention, a conditi6ning pulse With a high voltage set point and a low curreht limit 

15 is d'pplied between electrodes 220 and 230 of PSAM structure 200. Irt an exemplary 
enibodimer>t, electrodes 220 and 230 are suitably configured as a cathode and an 
anode, respectively. Thus, a nonvolatile metal dendrite 240 grows frorh electrode 
220 (cathode) through ion conductor 21 0 toward electrode 230 (anode). 

Referring now to FIG. 2B, ih accordance with another aspect of the present 

iO invehtion, the rK>nvoiatile metdl dendrite 240 grows entirely through ion conductor 
220 dr^ cohtlacts electrode 230 when the conditioning pulse is appli^ to electrode 
220 of PSAM structure 200 fOf a sufficiently long enough p&nod of time. The length 
of time required depends in part on the voltage of the conditioning pulse and the • 
gebmetry of the PSAM structure 200. For exarriple, if thickness 12 of the iori 

21^ coriductor 210 is thin, about 10 nm to about 50 nm, and the cohditionihg pulse is 
about 1 V, then approximately SO lisec is required to grow the nonvolatile metal 
dendrite 240 entirely through the ion conductor 220. If the coriditionihg pulse is 
about 5 V, however, then approximately 2 fisec is required to grow the nonvolatile 
metal dendrite 240 entirely through the ion conductor 220. It will be appreciated that 

30 various voltages, dimensions, aruf therefore lengths of time required are possible. 
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vdft&gfe nmit suitaWy applied between electrode 220 and erectrode 230 of the 
PSPifA structur6 200. the erase pulse is forward biased, mfeanmg that the polarity 
of eleetrddfe 220 drid electrode 230 need not be reversed. The erase pulse breaks the 
metial dendrite 240 resulting in a gap within the metal dendrite 240. The existence 
5 of the gap within the metal dendrite 240 alters the electrical characteristics (e.g., 
irrii)SedanCe) of the P§AM structure 200. Pulses at very small voltages (e.g., less than 
abDiit 300 mV) typically d6 not promote dendrite growth; therefore, the state of the 
dfendrife may be suitably detected (read) by using a short low current pulse. 

fteferring now to f 1(3. 2D, in accordance with yet another a5f>ect of the present 
! ihvemion, a write pulie with a relatively high voltage set point and a relatively low 
current limit is suitably appfied to electrodes 220 and 230 of the PSAM structure 200 
to reeiose th6 gap in the metal dendrite 240. Thus, the PSAM structure 200 can be 
er&sed, read, md written by suitably applying different unipolar voltage pulses. 
AlfefrriatiVfe; the PSAM structure 200 also can be erased, read, and wrrttfen in various 
directiohs, thiis 6ffefnng cofisiderable operational flexibility. For example, the PSAM 
structure 200 can be erased with a forward bias pulse, read with a reverse bias pulse, 
then written with a forward bias pulse, or various other combinations. 

In the abovfe dfescription, pulses with high or low voltage set points and high 
or low current lirhits were described. It should be appreciated that the specific high 
artd low levels of the vbttage s&t points and current limits may vary greatly depending 
on the specific configuration and dimensions of the PSAM structure. In general, a 
low voltage set point refers to voltage set ponnts which are sufficiently low to preyent 
the grovvth of a rhetal dendrite. Accordingly, a high voltage set point rfefer^ to 
v6H^T96 set points Which promote th^ growth of a metal dendrite. A high current limit 
re?f6rs to cuhem limits which are Sufficiently high to form a gap in a metal dendrite 
which has growft betwei^n the electrodes. Accordingly, a low current lirnit refers to 
current limits which are sufficiently low to keep the metal dendrite intact. The 
spKsbific ccirreht liriiit at which a gap in the metal dendrite can be formed will depend 
in part on the thickness of the metal dendrite. For example, a gap in a thin metal 
dendrite may be formed with a current limit of a few nano-amps, whereas a gap in 
a thick metal dendrite may be formed with a current limit of a few micro-amps. 



Atthbiidh thlfe far the ^xfemplary embodiments of the jfkeservt Invention have 
b^ert described ar*d depicted as being substantially vertical in configuratlon> vaHoUs 
alternative configuratiohs and arrangements are possible without departing from the 
Spirit and scope of the invention. For example* refernng nov^ to FIGS. 3A through 3F, 
5 various alternative configurations of the present inventbn are shown. More 
iparticolarly^ virfth reference to FIG. 3A, b one alternative configuration^ a PSAM 
sUiUctVre 300 pri&ferdbly includes km conductor 302 and electrodes 304 and 306. 
Iri Sccordahce with this corifigurMion, the electrodes 304 and 306 we preferably 
smaller than the ibn conductor 302. With reference to FIG. 3B, in another altematrve 
10 cohfiguratioti, a P^AM structure 310 preferably includes ion conductor 312 and 
electrodes 314 and 316. In accordance with this configuration, the electrodes 314 
and 316 are preferably substantially the same size as the ion conductor 312. With 
reference to RG. 3C, in still another configuration of the present invention, a PSAM 
strUbture 320 preferably irrdudes ion conductor 322 and multiple pairs of elecUodes 
16 .3i24, 326, 328 and 329. Whh reference to FIG. 3D, In yet another configuration of 
the present invention, a F^SAM structure 330 preferably includes ion conductor 332 
and electrodes 334 and 336. In this configuration, the electrodes 334 and 336 are 
siiitably disposed along a horizontal orientation on the ion conductor 332. With 
teference to FIGv 3E, in ainother ahernattve configuration of the present invention, a 
20 F^SAM structure 340 preferably inchides a ion conductor 342 and multiple pairs of 
electrodes 344/ 346 and 348, 349 suitably in a plurality of dimensions on the Ion 
Conductor 342. With reference.to FIG 3F, hi still another ahematlve configuration of 
the. present iiiventioni a PSAM structure 350 preferably includes a spheric ion 
> tmdiKk6f 3S2 ar^d electrodes 3S4 and 356. Although in this corifiguratioh the ion 
25 cdhdubtor 35S is depicted as being spheric in shape, the ior> conductor 352 may be 
configured as Various other non-conventional geometries. Adidit ion ally, it should be 
appreciated that the above described ahernative configurations can all be extended 
to 3 dimensidf¥al structures. For example, an ion conductor can be configured as a 
block with a plurality of electrodes attached at some or all of the faces. 
30 Referring now to FlGS. 4A and 4B, graphic representations show the 

relationship in an experimental PSAM structure between voltage and time and applied 
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. VDtfag^ and time 16 short/ Fespectively. The PSAM structure used to obtain thtee 
results has an bn conductor thickness of about 120 hrri and configured substantiany 
sinDilar to the embodiment illustrated in FIGS 1A and IB. It should be noted, 
. however, that the specific embodiment described herein are merely exemplary and 
5 that the prestefnt iriveniiion is not limited to any particular configuration. With 
relerence to FIG. 4A, a Curve 410 represents the relatior>shlp between voltage and 
time of the PSAM structure. When a voHage of 5 V is applied, the PSAM structtire 
shorts in appiroxiniately 2 ^secs. Whh referente to FIG. 4B, a curve 420 represents 
the relationship between applied v6hage and time to short th^ PSAM structu^ The 
XO arHoont of tirne required to grow a dendrite completely through the Ion conductor and 
connect the electrodes^ thereby shorting the PiSAM structure, increases as the applied 
voltage de£dredses. (^ef Erring now to FIG. 4C, ai curve 430 represents the relationship 
between cunrent and voltage of an unshorted PSAM structure. The small-signal 
^^^r-Volmer" characteristics of the device indicates that there is very little Faradaic 
n S current at very small Was; therefore, at bias less than 10 mV there is little dendrite 
growth. This characteristic of the PSAM structure permits the state of the dendrite 
to be read using a unipolar pulse without disturbing the state of the dendrite. 

A PSAM structure according to various aspects of the present invention is 
particularly suited for use in connection with meinory devices such ss programmable 
20 rfedd only memory ("PftOMI deS^ices, electrically erasable PROM (*EEPROMT d^ces, 
and the like. Additior^ly, the present invention is particularly suited for use in 
connection whh prograrhrhable resistance and capacitance devices. As a result, 
[ exemplary embbdirnents of the present invention will be described below in ^hat 
coWext. It should b^ recognized, however, thdt such description is not Interuled as 
is d lirriitatiOh oh the use or applicdbiiity of the present inverition, but is instead provided 
to enable d full ^d c6mplete description of exemplary embodiments. 

MEtAL PENDI^rTE MEiyibRY 

As described above, a PSAM structure may be used for implementing various 
different technologies such as memory devices. Accordingly, with reference to FIG. 
30 5A, a metal dendrite meitiory ("MDM") 500 in accordar>ce with various aspect of the 
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prl^d^t invention shbWn. In 9h eikemplafy embodiment oi the present inventioh, the 
MDM SOO preferably IncFudes a substrate 510 which provides the physical support 
f6r the hiemory cell or device. If the substrate 510 is non^irtsulating or otherwise 
, i^corhpatibie with the rriaterials used in the MDM 500, ah insulator 520 is suitably 
5 disposed on the siji5Strat<si 5l6 to isolate the acth^e portion df the MDM 500 from the 
substrate 610. H&Xt, a bottom elecUrode 530 is suitably deposited and patterned on 
the substir^e 51 0 (or the insulating layer 520 If an insulator Is used). Next, an Ion 
ebriducfdr 540 is sbitably depbSited and patterrted over the bottom electrode 530 and 
th6 sub^ate 510 for the insfulatihg layer S20 if ah insulator is lised). Next, a 
.10 dielectric filim 550 is preferably deposited over the ion conductor 540 and vias are 
op^ed over a portion of the Ion conductor 540 and the bottom electrode 530 layers. 
Finally, a top electrbde &60 is suitiably deposited ahd patterned in the vias. Suitable 
intarbormects to bbttoAt electrode 530 and top electrode 560 are provided using any 
cc^nv^niei^t m^Hbd which is well known, for example, in the semiconductor 
1 6 iVftegrated circuit industry* 

When an appropriate voltage is applied between the top electrode 560 
(cathode) and the bottom electrode 530 (anode), a nonvotatile metal dendrite 570 
grows through the iOn coifiductor 540 toward the bottorn electrode 530 (anode). 
Similar to the PSAM structures described above, the growth and changes in the 
-20 l^gth of the.norKfoi^tile metal dendrite 570 affects the electrical characteristics (e.g., 
the resistance, the capacitance, and the like) of the MDM 500. In this manner, as 
vi^ill be described in d^cfater detail below, the MDM 500 can be utilized as various 
. m^rhory devices* 

The MdM StfO.also can be d)!^r6priately patterned tb provide isolation from 
25 multiple adjacerit K/IDM devices, fbt exampfe with reference to FIG. 5B, a suitable 
amorphbOs silieoh diode 562, such as a Schottky or p-n junction diode, may be 
. Configured between the bottom electrode 560 and the ion conductor 540. 
Addhionally, a dielectric film can be deposited over the top electrode 560 and the 
entire structure can be repeated. Thus, with reference to FIG: SC, rows and columns 
.30" of MDM devices 500 may be fabricated into a high density configuration to provide 
extremely large Storage densities. In general, the maximum storage density of 
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TCf/uswism, 



merribry devide^ cdh be lirhit&d by the size and complexity of ihe cohimn and row 
deeoder circuitry. Howev^, thd MDM storage ^tack can be suitably fabricated 
bv^rlythg an integriltid circuit with the entire serniconductor chip area dedicated to 
roW/cpliimh decode, sehse afnplifl'^Ts, arui data managefnerit circuitry (not shown) 
5 &inc6 the M^)M elmients will hot use any silicon real estate. In this manner, storage 
densities of many Gb/cm^ can be attained using MDM devices. Utilized in this 
mahner^ the MDM is essentially an additive technology that adds capability and 
furtctlohality tO existing silicon integrated circuit technology. 

It should be recognized that there are various alternative configurations or 
,10 jrhi^thods for contracting an MDM device In accordance with the present invention. 
F6f exarhple with reference to PIG. 6, in an ahematiye .conf igurdtlpn in accordance 
with various aspects of the present invention; an MDM 600 is illustrated in which a 
. dielectric film 6S0 is preferably deposited over a bottom electrode 630 and a 
sUbstrate6lO|oranirisulatinglayer 620 if an insulator is used). Vias may be opened 
i 5 Over a pdirtibn of the bottom electrode 630. An Ion conductor 640 vhay be deposited 
and patterned over the bottom electrode 630 within the vias. Mext, a top electrode 
660 may be deposited and patti^rried in the vias. 

Turning now to FIG. 7, the illustrated device is similar to the mennory cell or 
rhfetal dendrite memory cell of FIGS, 5A and 6, however, additional electrodes are 
20 provided. Specifically, an MDM 700 includes an ion conductor 710 and electrodes 
720 and 730 disposed at the surface of the ion coriductor 710. When an appropriate 
vohage is applied to the electrode 720 (cathode), a dendrite 740 grows through the 
ioii conductor 710' tow^ds the electrode 730 (anode). 

, 16 sicct>rd£ihce with dne aspect Of the present iriventloh» tiS'e MDM 700 also 
2^ includes two a'dditional electrodes 760 and 770. Electrodes 760 and 770 are 
sepafatfed frotn ion cor>dudtof 710 by a materi^^ 750, which can be either a dielectric 
or resistive material. In the case of a dielectric material, the MDM 700 will exhibit 
programrriable capacitance between the various electrodes. In the case of a resistive 
rv^aterial, the MDM 700 will exhibit programmable resistances between the various 
30 electrodes. The programmable capltances or resistances between the various 
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elecffodes preferably pirbgrammed by the extent of growth of the ihetal dendrite 
740. 

The MOM 700 dff ers several advantages over the MDM 500 and MDM 600 
shovi/rt in f\G, SA and 6 configured with two electrodes. J^'or example, one such 
5 ddvantage fe that a voftage dan be applied to any combiiiations of the electrodes 
other th^n electrodifs 720 dhd 730 without altering the len^h of metal dendrite 740 
and therefore the capachence and/or resistahfce of the device. This has important 
iirnpncmlons for the use of the MDM 700 in menwry anrays and other electronic circuit 
appliedtibns. these same tonsiderdtiohs and advantages apply to a three electrode 
10 rather than a four electrode device. It should be appreciated that In tlus particular 
exemplary embodimem the metal dendrite 740 grows b^iweeri el^rodes 720 and 
730 and not between any of the other electrodes. Therefore, electrodes 720 and 
730 are the prograrhming terminals of the MDM 700, with the dther elecUodes being 
the output t'errnirtals of the MDM 700. 
15 The exemplary MDMs of FI6S. 5A, 6 and 7 represent a significant departure 

from conventional stIicOiVbased microelectronics. In fact, silicon is not required for 
the operdtion of the MDM unless control electronics are to be incorporated oh the 
same chip. Also, the overall manufacturing process of an MDM Is considerably 
simpler than even the most basic semiconductor processing techniques. With simple 
20 processing techniques coupled with reasonable material costs, the MDM provides a 
memory device with cart be manufactured with a lower production cost than other 
memory devices, 

i: PRt)M d6d Antl-f use App6cati6hs 

VSrith referer)ce now to FIG. 5A, in accordance with various aspects of the 
2S. present invention, an MDM device can be utilized as a PROM type memory device. 
Most conventional PROMs use fusible links which a^e broken or blown dor'mg 
programming. Once a link is braken, it cannot be remade. The MDM device of the 
present invention provides the ability to make, as well ais to subsequently break, a 
connection. This is more desirable as It gives more latitude arid fle^cibility; for 
30 example, even if a wrong link (i.e., dendrite) is made, this link can always be blown 
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Bke a conVfemlonal fifefe: Also, the dendrites of the MDM device can wHhstand many 
make/break cycles; thus, tnuhiple repro^^arnming cycles are possible* 

The MDM device of the present Invention may also be us6d In programmable 
k>Sl6 arrays rPLAs"). In PLAs, blocks df logic elements such ;as gates or adders are 
. Tforriied but are ridt corthected. The cdnhectiohs are made to suit a particular lovir 
volume application (e.g., an af>plication which would hot justify a custom chip 
design). Trcic»tlonaHy, the final connections between the vaHoiis Idgic elements are 
made at the produttioh facility. However, the MDM device would allow such PLA 
devices to be 'field programmable'' as it is relatively easy to electrically define hard 
. ib cdhrfectidns between sections on the chip wKh the metal der^drhes. 

Anti-fuses are also found in Integrated circuits where redundancy techniques 
are used to combat process-induced defects and in-service failures. For example, 
. wmplex, high-density circuits such as 64 Mbyte DftAM have more memory on board 
thfe chip then is actually used. If one section of the chip is damaged during. 
15 processing or fails during operation, spare memory may be brought on Une to 
compensdtfe. Typically, this pfocess is controlled by logic gates on the memory chip 
and requires constant self testing ahd electrical reconfiguration. An MDM device in 
accordance with the present invention may be incorporated into such memory chips 
to appropriately form riew connections inside the chip when required. 
2d In accordance with one aspect of the present invention, data may be written 

to a PROM configured MDM ("MDM-PROM") device by applying a constant or pulsed 
c6nditionir)g bias to the electrodes of the MDM device to f>romote dendrite growth. 
Themetal dendrite is allowed to reach the anode so as to form a low resistm:e.antl- 
: fusd cohliettidn. This connection changes both the resistance and the capacitahce 
25 of the meiiiory systfem. The MDM-PROM device may then be easily 'read" by 
pasi^ihg a small current (i.e., a curreht small enough not to damage the dendrite) 
through the dendrite connection. "Erasing" the MDM-PROM device is accomplished 
by passing a current through the dendrite sufficiently large to break the dendrite and 
therefore the connection. By applying another constant or pulsed bias to the 
30 electrodes of the MDM device, the break in the dendrite can be closed. 
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In. the MDM-PftbM d&Wce^ihe dectricai chahgfe between the itWo dehdrrte 
coi^r>ected electrodes cah be large enough thsit trari^stdrs are not required at the 
MDM cells. Thus^ the miertiory element size beeomes a function of anode/ion 
6oiiductbr/cdth6de geofnelry alone. This geometry allows the memory of the present 
5 ihventibn to be the itiore compact than typical floating gate or ferroelectric memories 
vMth r^ife trdr)si£tor$ to be part of their storage elefments. In addition^ the.MDM 
devices may be formed on virtu^ any chernically dTKl mechanically stable substrate 
rtotj&Hal; iif s9ic6n is require f 6r additional circuitry, the MDM devices mdy simply be 
f 6rm^ oh a sSlictin subsr^ate. 

10 2. EEf^ROM Applications 

With continued rfef eri&nce to FIG. 5A, the ability to create and control a nor^ 
Voibtile change ih an el^rical parameter such ^ resistance or c£»pacitance allows the 
MdM of "the presdi^t ihvi^tion to be used in mdny appKcaft^ 

(jTtilife traditicfnal E^PROM or FLASH tedhnologies. Adivantages provided by the 
1 5 prescbt invemlbn over present EEFHf^OM dnd FLASH merhory include, among others, 
lower produetioi) cost and the ability to use flexible fabrication techniques which are 
easily adaptable to a variety of appHcatioris. MDMs are especially advantageous in 
applications where cost is the primary concern, such as smart cards and electronic 
inventory tags. . Al^o; the abilrty to form the memory directly on a plastic card is a 
2X> major advantage in these applications as this is generally not possible with all other 
$^c0nductor rfi^ories. 

. Further, in accordahce with the MDM device of the present invention, mernofy 
. :idl§lf1iehts rriiay be Scaled to less than a few square mitrrohs in size, the active portioW 
• 6f th^ device being less than one micron. This provides a significaHt advantage over 
2^ . traditional seiplcoriductor technologies in which each device and its associated 
inter&onriect can take up several tens of square microns. 

In accordance with arK>theT aspect of the present invention, pass trar)sistors are 
used in the EEPROM configured MDMs ('MDM-EEPROMs') for providing EEPROM 
devices with DRAM-type densities. Alternatively, the materials of the MDM devices 
3D or separate diodes or thin film transistors (TFTs") may be used in place of the silicon 
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phs^ trdrtsistors to prevent ceil-to-c^l short cincuifs in an a/ir'ay Haying a pfurafity of 
devites. In sKrcorddnbe whh one aspect of the present inventibn, data may be written 
t6 the MDM-EEPROM device by applying a constant or pulsed bias to the electrodes 
of the MDM-EEPftOM device to promote dendrite growth. As described above, the 
5 ^ovirih of the dendrite chariges both the resistance and Capacitance of the device, 
both of which can. be detected using any convenient method. 

As the MDM-EEPftOM device exhibh highly non-volatile characteristics, and as 
the dehcfrrte jjosttion (and hentfe.resiistence and capacitance) is in part a function of 
the rnadhitude and duration of the applied voltage, multiple-state or n-state logic 
TO s^tbra^e is also pO&sible. In this dotage scheme, more than two levels {Ib,, bihaTy) 
thay be held in eech storage cell; thus, increasing the overall storage density greatly. 
For e)cdmpte, 4-i5tate storage (possible by using four dendrite positions) alldws a 
doubling of fnemofy capacity per unit area for the same storage cell size. Thus, in 
^'ccdrdahce with various Aspects of thq present invention, MDIWEEPROM device may 
IB be ablii to store a cOHtfariUurn of analog, rather than digital, quantities. The storage 
of analog values' in cofTv'entlonal menK>ry technologies is e)ttremely difficult if not 
impossible. 

In accordance with Another aspect of the present invention, the MDM-EEPROM 
device rhay be *c6nditiohed* by applying a conditioning bias with a suitably low 
.iO ciirf^t iinhiit. The conditioning bia^ is applied for a sufficient length of time to permit 
the growth of d nohvolatile metal dendrite to connect the electrodes of the MDM- 
. EE'f^ROM device. A sii6n erase bias with a suitably high currerit limit is applied to 
break the rtfetel dei^drife thereby -eraising* the MDIVI-EEPROM device. A read bias 
. Vl^rth a siifficiehify.row voltage lifnit to prevent dendrite growth is applied to ''read" 
25 • the K/lbM-EEPftOl^ d^^/ice. A write bias with a low cunrent limit Is applied to close 
the break in the dendrite thereby "re-writing* the MDM-EEPftOM device. 

. The MbM-EtPROM device can be erased, read, and written by applying 
different bids with the Same or different polarities depending upon operational 
reliuirements. For example, the MDM-EEPROM device can be erased wKh a forward 
30 bias, read with a reverse bias, and written with a forward bias, or various other 
combinations. 
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3. M^hary ^ A&o$pQCe Appiw&^B 

The presesfit inv^ion has m&ny attributes which lead to other ^tenttat Helds 
. of Use. In general read/write electronic memories are bdsed on the principle of a 
chaiige stor^e. For example, in DRAMs the charge is stored for a few microseconds, 
B in tEPROMs the charge rrtay be stored for years. Unfortunately, therfe are various 
processes which can change this charge such as ionizing radiation. For example, in 
ritiHt^ arteJ spate a|>plicationSr alpha particles, when parsing through a typical 
^endcohdiictor devic^, leave a charged UaU which ahters the charge in the 
senriiconductor dMce. In thfe case of me^ry technologies, this leads to soft Errors 
:10 and data corruption. This present inv^tion, on the other hand, does hot depend on 
charge storage but on a physical change in the materials, this material, being 
unaffected by relatively large dos^s of radiation. In other words, the present 
invention is radiatidn hard. This provides significant advantages for military and 
spacft sysf€frhs aS Hi^eil dsrriany highrihtegrity cbrhmercial systems such as aircraft 
i5 " arid riavigdtioh systems. 

4. Synthetic Neural Systems 

Another application of the present invention is in synthetic neural systems 
C'SNS"). SNS defvic^s are based oh the workings of the hurnan brain and are 
': d^ined to becorne the next generation of corhputihg and control devices. SNS 
20 devices rely on the abHrty to make connections between elements as part of a 
^Icaiming'' pfOta^, CotMnectrons ar^ iforriied between the liiost active circuit nodes 
rue., those nbdes Which h^^ sl^als i^mseht for a majority of the tirhe). The 
■ "trBinlhg" of the systems, by the apJ)iBcation of input* refsiilts in a forrn of hard-wired 
ioi^ic. However, this type of systerh is extremely difficult to achieve With 
25 coYivehtional silicon-based devices. On the other hand, in accordance with the 
present invention, SNS systems cttn be cotifigored wKh MDM devices. As described 
above. In MDM devices; the formation of a dendrite depends on the presence of a 
voltage signal, thus connections naturally forrn betWeeri the most acth^e nodes as the 
dendrites grow toward the electrodes which have voltages appfied to them. In 
30 addition, the strength of the connection, governed by its capacitance, will depend on 
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. the strfehgth of thd ifUput; thi» dir^ctablc^ analog mornory ef f c»it is another significant 
85|>ett of the present invention. 

in» Prbgr&mmable Resistance/Capacitance Devices 

As described above, a PS AM structure may be used for impiementing various 
5 different technologies such as programrhable resistance and capacitance CPR/C) 
devices. Accordingly, with reference to FliS. 8^ a ffi/C device 800 in accordance 
Whh various aspects of tfie preserit invention Is shown. In an exemplary 
emibodiment, thiEi PtVC device 800 preferably includes a substrate 810 which provides 
the physical support for th^ Pft/C device 800. If the substrate 810 Is non-insulating. 

10 or otherwise incompatible with the materials used in the PR/C device 800. an 
insulator 820 may be disposed on the substrate 810 to isolate the active portion of 
the PR/C device 800 from the substrate 81 0. Next, a bottorh elecUode 830 may be 
depoi^rted and patterned on the substrate 810 (or the insulating layer 820 if an 
insulator is used). Next, art ion conductor 840 Is preferably deposited and patterned 

IS over the bottom electrode 830 and the substrate 810 (or the insulating layer 820 if 
an insulator is used). Next, a dielecUic film 850 may be deposited over the ion 
cbnductor 840 and vias are opened over a portion of the ion conductor 840 and the 
bottom electrode 830 layers. Finally, a top electrode 860 is preferably deposited and 
patterned in the vias, Surtabie interconnects to the bottom electrode 830 and the top 

.20 electrode 860 are prbvided using any bonvehlent method. 

When an appropriate voltage is applied between the top electrode 860 
(cathode) and the bottorn electrtD^de 83d (anode), a nonvolatile metal dendrite 870 
. fQrows through th6 ion conductor 840 toward the bottorn electrode 830 (anode). 
Similar to the PSAM structures described above, the growth and changes in the 

2^ length of the nonvolatile metal derulrite 870 afilects the electrical characteristics (e*g., 
the resistance, the capacitance, and the like) of the PR/C device 800. 

The PR/C device 800 also can be appropriately patterned to provide isolation 
from rhuhiple adjacent PR/iD devices. Additionally, a dielectric film can be deposited 
over the top electrode 860 and the entire structure can be repeated. Thus, rows and 
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tdluifKyns of PR/C devices rtay bb fabncated Into a high density configurdtldn t6 
■ priovlde e>ctretnely large deiishies. 

It should be appreciated that Various possible conflgltrmlons or methods for 
c6ns^ructind a PR/C devic6 can be used in accordance with the present Inv^tton. 
fe For gxarnpfe with reference to Fl(3. 9, In a PR/C device 900 a dielectric film 950 Is 
preferably deposited over a bottom electrode 930 artd d substrate 910 (or an 
insulating layer 920 If ah Insulator is used). VIos may be opened over a portion of the 
bottom electrode 930. An ion conductbr 940 mfiy be deposited and patterned over 
the botton^ eledtrode 930 witWn the vias. Next, a top elebtrod^ 960 may be 

1 0 deposited and patterned In the vlas. 

As dl^iis^ed earlier in connection with FIG. 7, MDM devices In accordance 
With some embodiments of the invention include an electrode or electrodes additlonaf 
to the two electrodes utilized tb program dendrite growth, which can be used for 
•outputs* of the devices. Ihb same structures as illustrated in FI6. 7 are applicable 

15 for prdviding programmable capacitance and reslstdnt elements in contexts other than 
rrtemory. elements arid for appropriate appficdtion anywhere capacharice and 
resistance elements are UtiHzed. 

The PR/C devices of the present Invention are typically constructed So as to be 
physically larger than the MDM devices of FIGS. 5A, 6 and 7 so that a greater 

20 parametric variability may be attainable. The PR/C devices of the present invention 
may be suitably 'prograimihed!* using a DC voltage with a relath^ely high current 
levels; consequently,, a smdil signal AC voltage or DC voltage with a relath^ely low 
current levels woiild not affect the dendrite condition dnd herice the resistance or 
capacitanbe would not vary. These programmable device^ rfiay be used as tuned 

25 circuits in general (e.g., frequency selection In communicatlbh systems, tone controls 
and audio systems, voltage controlled filter circuits), voltage controlled oscillators 
rVCOs'), signal level {e.g., volume controls), automatic gain controls CAGC), and 
the like. 

Wrih continued reference to FIG. 8, the exemplary PR/Cs represent a significant 
30 depiarture from conventional silicon-based microelectronics. In fact, silicon is not 
even required for the operation of the PR/C. Also, the overall manufacturing process 
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Is eohsiderabiy simpler than evbh the most basic semieortdufefor process^ihg 
t^brtiques. The^nripte processiiigtechnlciuife coupled wHh reasonable rftaterial costs 
Ffrovide a device with a low production cost. 

)V. Cobciusibh 

. 6 . Thus, in accordance with the present invention, a low cost, highly 
nteHufadturable device is obtained that may be employed in a variety of applications 
kifcsh as mem<»y devices, prograftnmable reshrtor and capacitor devices, and the fikoL 
Although the pirfesent invention is set forth herein in the context of the 
ar>peiided drawing figures, h should be appreciated that the invention is not limited 

10 to the specific forms shown. Various other modiflcatiorts, variations, and 
enhancements in the design, arrangement, and implementation of, for example, the 
PSAM structure, as set forth herein may be made without departing from the spirft 
arid scope of the present invention. Inirthemr^ote, one of skill in the art will appreciate 
tTfat various other ai^lications and uses exist for the PSAM stnicture besides the 

1 5 specific examples given. 
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CLAIMS 

Whdf is tlaimed is; 

It A programmable i&ub-3urfa'ce ags^gating met^lRzatiDn (PSAM) structure 
comprising: 
5 isri ion conductor; 

.a plurality of electrodes disposed on said ion conductor, wherein at le^st two 
of saiid 6lectr6des are configured for growing a metal dendrite from the negative of 
thi^ two electrodes toward the positive of the two electrodes through said ion 
conductor wheai a voltage is appPied between said twro electrodes. 

10 2, A PSAM structure in ^iccordance with claim 1, wheTeih said ioh conductor i$ 
fdirm^ from a chalcogenide material containing metal ior)s» 

3: A PSAM structure in acpordarice with claim 2, wherein said chalcogenide 
ns^teridl is selected from the group consisting of sulfur, selenium and tellurium, ^nd 
s^'d metal ions are formed from a metal selected from the group consisting of silver, 
15 copper and zinc. 

4; A PSAM structure in accordance with claim 3, wherein said ion conductor 
Contains arsenic trisulphide-silver. 

5. A PSAM structure in accordance with claim 1, wherehm at least one of said 
pruralrty of electrodes is formed from an el^ricelly cohducting mati^rid containing 

-^6 ; silver; 

6. A I^SAM structure in accordance with claim 1, wherein saici plurality of 
6fectr6des further comprises: 

a first layer of electrically conductive material; and 

a second layer of electrically conductive material, wherein said ion conductor 
25 is disposed between said first and second layers of conductive material. 
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7. ' A P^SAM ^trUttuf e In accorddnce whh cidlrh 6 wherein said first ahd second 
Idy^ of electrically conductive material and said ion conductor are formed on a 
substrate material for strength 6tid rigidity. 

8. A programmable ^ub-surfac& aggriegatSng metallization (PSAM) structure 
5 6o^p>i5ing: 

. . an ion condiictbr; 
a cmhdde ; 

an anode, skid cathode and anode arranged opposing one another on said ioh 
conductor; a»Kl 

id a rneiallic dendrite, said rnet'alllc dendrite extending from said cathode. toward 

sdid anode through said ion conductor when a first series of pulses of electricity is 
appl»)e^d between s^id cathode and anode. 

9. A pSAM structure in ac&ordance with claim 8» wherein said metallic dendrite 
has i l^gth whieh affects the electrical characteristics of the PSAM structure, and 

1 S said length of s^id metallic dendrite remains intact when said first series of pulses of 
ei^Vrcrty is riembved. 

10 A PS AM structure in accordance With claim 9, wherein said length of said 
metallic dendrite decreases when a secorKl series of pulses of electricity is applied, 
said sedond series of pulses of electricity having an opposite polarity to said first 
26 .^^ries of pulsus of electricity. 

. 11. A P^AM structure in accordance with clairn 6, whcriein said first series of 
pulses of electricity is applied until said metallic dendrite contact^s said anode* 

1 A PSAM structure in accordance with claim 1 1 . wherein a gap is formed in said 
metallic dehdrlte when a third series of pulses of electricity is appBed between said 
2S cathode and anode, said third series of pulses of electricity having a high current set 
point arid a low voltage linhit. 
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Id. A PgAM stmctiff^ ih dbcc^ahcfe With daim 12, wh^eln said g^p formed in 
^aid fAetaOic dendritic is r^o^ed wheVi a fourth series of pulses of electricrty is 
applied betweeri said cathode arul 0node» said fourth series of poises of elecrtrbrty 
.. have a High v6lta^^ set pbint and a low current limit. 

5 14. A f^AM structure in accordance with claim 8, wherein said ion conductor 
further Comprises of a chateogehide matenal containing metal ions^ wherein said 
. cHalc&genide matteria) is sei^ted from the group consisting of sulfur, selenium arid 
tislluriuirn, and said riietal ions are formed from a metal selected from the group 
feoASl^fng of iihrer, cdppjwr dnd zine. 

lb 1 A PSAM ^ifUciure in accbirdance with claim 8, wherein said cathode and/or 
anode is formed from^an electrically conductive material containing silver. 

16. A rrVef hod of f brfnihg a PSAM Structure comprising th6 steps of: 
prbvidir^g a cathode; 

providing an anode; 

I S providing an ion conductor material disposed between said cathode and anode 

siich that a metal dendrite grows; from said cathode toward said anode through said 
tort conductor material wheh a first voltage is applied between feaid cathode and said 
anode. 

17. A rhethod of forming a PSAM structure in accordance with daim 1 6, wherein 
'20^vl^id step of providihg an idh coriductbr material further comjprises the step of forming 

. an ion conductor material from a chalcogenide material selected from the group 
consisting of sulfur, seleruum; and tellurium, and a metal selected from Group IB or 
Group IIB of the periodic chaft. 

18. A rtiethod of forming a PSAM structure in accordance with claim 16, further 
25 comprising the step of providing a substrate for supporting said PS AM structure. 
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1 9. A rri^thdd of ionmtig a PSAM sf rutffure in aecon)aiii6e VWth claim i 6, further 
c6l1ni|>risihd the st^s 6f: • 

cDhcmionirtg thfe i^AM suucture by growirtg a rnetal dendrite from s^d cdthode 
. to said dnbde thrbu0h said ion conductor; 

5 ^ra^tng the PSAM structure by forming a gap in smd metal dendrite by applying 

a secohd vohag^ between said cathode and anode; 

writing tb the PSAM structure by recfosing said gap by applying a third voltage 
b^tweeh said Cathode &nd anode. 

26. A methbd 6f forming a PSAM structure in accordarice vvrth claim 1 9, further 
10 corhprising the step of : 

reading the F^AM structure by applying a fourth voltage between said cathode 
and anode, wherein si6id fourth voltage is a short low current pulse. 
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